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Table S1.

Total Men Women Diverse
n % n % n % n %
Total 435 100 104 239 327 752 4 0.9
Age 18-25 118 27.1 19 44 99 22.8
26-35 159 36.6 38 87 119 274 2 0.5
36-45 67 15.4 20 4.6 45 10.3 2 0.5
46-55 54 124 12 28 42 9.7
56-65 33 7.6 14 32 19 44
> 65 4 0.9 1 0.2 3 0.7
Socioeconomic  low 23 5.3 7 1.6 15 35
status medium 298 68.5 60 138 235 54 3 0.7
high 114  26.2 37 85 77 17.7
Highest Lower secondary school 7 1.6 2 0.5 5 1.2
educational Apprenticeship 33 76 8 1.8 25 58
level obtained  Higher education 78 179 22 51 56  12.9
University degree 317 729 72 16.6 241 554 4 0.9
Position Student 119 274 19 44 99 22.8 1 0.2
Employee 291 66.9 75 17.2 213 49 3 0.7
Self-employed 21 4.8 9 2.1 12 2.8
House husband/wife 4 0.9 1 0.2 3 0.7

Overview of the sociodemographic data of all participants.
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Figure S1. Confirmatory analyses of correlations as specified in the preregistration for (A) social
jetlag (SJL) and social sleep restriction (SSR), and (B) for sleep quality (SQ) and sleep duration.
All correlations are based on differences between T1 (during the ‘lockdown’) and TO (pre ‘lockdown’,
retrospectively assessed) except for chronotype and city size/ degree of urbanisation, which were
assessed in reference to TO. More work from home at TO compared to T1 relates to decreased social
jetlag (SJL) and social sleep restriction (SSR) and to less decrease in sleep quality and longer sleep
duration. More engagement, i.e. work-related and social activities, relates to increased SSR and
decreased sleep duration. A later chronotype is associated with decreased SJL and increased sleep
duration. More exposure to daylight and more exercise limited the decrease in sleep quality and
prolonged sleep duration. An increase in perceived burden relates to shorter sleep duration and
decreased sleep quality. The black box encircles the confirmatory analyses. Analyses outside these
boxes are exploratory. * = p<.05; ** = p <.01; *** = p < .001 (uncorrected).



Supplemental Experimental Procedures

Survey characteristics

Participants were recruited via the investigators’ personal contacts, social media (i.e.,
Facebook, Instagram, and Twitter) profiles, and support from the public relations offices of the
University of Basel, the Psychiatric Hospital of the University of Basel, and the University of
Salzburg (Austria), which resulted in media coverage in printed media and on the radio. The
completion of the one-time survey took approx. 20 minutes and ran on REDCap [1, 2]. The
sampling period was between 23 March and 26 April 2020. Analyses confirmed that
participants answered all questions within approx. 20 minutes (median; interquartile range
[IQR] = 16-27 minutes) on the same day. It included (1) a questionnaire collecting background
information, (2) a questionnaire about the ‘‘lockdown’-induced changes volunteers
experienced in their personal lives (e.g. regarding work-related flexibility, work and social life-
related activities, subjectively perceived burden, etc.), (3) a sleep-quality questionnaire, (4) the
ultra-short version of the Munich Chronotype Questionnaire [uMCTQ; 3] to assess social jetlag
(SJL) and social sleep restriction, (5) and a multidimensional questionnaire on life satisfaction.
Importantly, questionnaires (3), (4), and (5) were answered twice in a row, once retrospectively
referring to the time before the restrictions took effect (in the case of the sleep quality
questionnaire the four weeks before the ‘lockdown”) and once referring to the time since
participants noticed the effects of the restrictions. A code book detailing all questions as well
as the scales used for the answers can be found in the pre-registration of this study [4].
Unfortunately, the code book is in German, but we kindly ask anyone interested to contact the
lead author Dr. Christine Blume in case there are any questions.

Participant characteristics

A total of 513 participants provided us with their answers, 435 (327 women, four
diverse; 18-25 years: 27%, 26-35 years: 37%, 36-45 years: 15%, 46-55 years: 12%, 56-65
years: 8%, >65 years: 1%) were included after application of exclusion criteria. Most (97.4%)
of the participants reported a medium to high socioeconomic status and a high educational level
(90.8%), which is probably a result of the recruitment strategies (i.e., investigators’ own
activities and support from universities’ PR offices; for further details cf. Table S1). More than
half of the volunteers (54.3%) lived in Switzerland, 27.6% in Germany, 15.6% in Austria and
2.5% (11 participants) in other countries. Please note that, according to the exclusion criteria,
participants living in other (neighbouring) countries must also have been noticing the effects
of the restrictions for at least five days to be included in the analyses. Of the participants, 60
(13.7%) lived in villages (<5.000 inhabitants), 108 (24.5%) in small cities (<20.000



inhabitants), 60 (13.8%) in medium-sized cities (<100.000 inhabitants), and 208 (47.6%) in
large cities (>100.000 inhabitants). Regarding participants’ chronotype, the median mid-sleep
on free days (corrected for oversleep if necessary; MSFsc) before the ‘lockdown’ occurred at
3:43 am with an interquartile range (IQR, 25th-75th quantile) of 2:32-4:05 am. During the
‘lockdown’, median MSFsc occurred at 3:57 (IQR 2:40-4:15 am), which was significantly later
than before (F(1)=6.74, p =.009, RTE = 52.4%). Overall, participants indicated that they spent
less time under the open sky than before the restrictions (mdn = -10; IQR -25-11 with a total
range from -50 [much less than before] to 50 [much more than before] and zero indicating no
change). Volunteers also said they exercised less than before the restrictions (mdn = -15; IQR
-27-2 with a total range from -50 [much less than before] to 50 [much more than before] and
zero indicating no change).

Information on the precise restrictions the ‘‘lockdown’ comprised and the dates when
they took effect can be found online for Germany [5, 6], Austria [7], and Switzerland [8, 9].
The median time for which participants say they had been noticing the effects of the restrictions
was 14 days with an IQR of 10-21 days. At the point of participation in the survey, participants
felt their lives were affected by different measures to contain the COVID-19 epidemic to a
varying degree. The closure of schools affected 105 (24.1%) of the participants, 240 (55.2%)
were affected by universities being closed. Border closure affected 190 (43.7%) volunteers, the
prohibition of assembly 207 (68.3%), and curfews affected 165 (60.9%). Almost all
participants said they were affected by social/physical distancing (416; 95.6%) and a reduction
of recreational activities (377, 86.7%). A majority was also affected by the closure of stores
(346, 79.5%), 313 (72%) by working from home, 58 (13.3%) also by discontinuation of
childcare. Self-quarantine and a ban on leaving the house had effects on 94 (21.6%) and 51
(11.7%) of the participants, respectively.

Generally, participants felt less busy than before the restrictions regarding meetings,
travel, and appointments (mdn = -10; IQR -24-0 with a total range from -50 [much less than
before] to 50 [much more than before] and zero indicating no change). Approximately 80.7%
of the participants reported working more from home than before (Fats(1)=536.5, p<.001,
RTE=.81), with the median proportion of work time spent working from home increasing from
10% prior to the “‘lockdown’ (IQR = 0-26%) to 100% during the ‘lockdown’ (IQR = 50-100%;
mdngitr = 63%, 1QRudirr = 17-88%; Fars(1)=678.9, p<.001, RTE=.83). Along with more time
spent working from home, work time also became more flexible. While prior to the
‘lockdown’, participants indicated moderate flexibility regarding their work times (mdn = 13
on a scale from -50 to 50, IQR = -10-24), during the ‘lockdown’ they indicated increased
flexibility (mdn = 25, IQR = 7-40; mdngit = 10, 1QRair = 0-23; Fars(1)=157.3, p<.001,



RTE=.66). Additionally, the median amount of work time decreased from 40 hours per week
prior to the ‘lockdown’ (IQR = 30-42 hours) to 35 hours during the ‘lockdown’ (IQR = 25-42
hours; mdngit = 63%, IQRuiff = 17-88%; Fars(1)=35.4, p<.001, RTE=.44). Furthermore, the
median proportion of evenings spent with recreational activities (i.e., leisure activities)
decreased from a median of three evenings per week prior to the ‘lockdown’ (IQR = 2-4
evenings) to a median of zero evenings per week during the ‘lockdown’ (IQR = 0-1 evenings;
mdnaitt = -2.5, IQRuift = -3- -1; Fars(1)=1286.9, p<.001, RTE=.11).

Beyond changes in work and social life as well as work-related flexibility, we also
assessed to what extent participants experienced a change in perceived burden and wellbeing.
During the ‘lockdown’, they indicated that they felt more burdened than before (mdn = 10 on
a scale from -50 to 50 with zero indicating ‘no change’, IQR = 0-19). Of all participants, 49
(11%) felt more burdened than before the ‘lockdown’ due to childcare, 193 (44%) due to
family-related issues, 81 (19%) due to household matters, 193 (44%) due to work/university,
144 (33%) due to health issues, 82 (19%) due to their own economic situation, and 155 (36%)
indicated they were more afraid of the future. Of all participants, 48 (11%) also indicated there
was no area due to which they felt more subjectively burdened than before the ‘lockdown’.
When asked about areas that meant less burden during the ‘lockdown’ than before, 15 (3%)
felt less burdened because of childcare, 39 (9%) because of family-related issues, 107 (25%)
due to household matters, 102 (23%) due to work/university, 9 (2%) due to health issues, 27
(6%) due to their economic situation, and 16 (4%) indicated they were less afraid of the future.
A total of 201 (46%) of the volunteers did not identify an area due to which they felt less
burdened during the ‘lockdown’ than before. Median mental and physical wellbeing decreased
from 10 on a scale ranging from 0 to 12 (IQR = 8-11) to 8 (IQR = 6-9; mdngitt = -1, IQRuifr = -
1-0; Fars(1)=170.6, p<.001, RTE=.33)



Data Reduction and Statistical Analyses

All hypotheses and the statistical approach were detailed in a pre-registration on Open
Science Framework [4].

Data reduction.

In the following, we explain in detail how the values for aggregated scales were
obtained, as well as any transformations of the data.
Sleep Quality.

The sleep-quality (SQ) questionnaire comprised nine different items, including
questions about the average daily sleep duration, subjective sleep quality (4-point Likert scale,
ranging from ‘very good’ [0] to “very bad’ [3]), sleep problems such as problems falling asleep,
problems maintaining sleep, as well as sleep disturbances due to noise (4-point Likert scale,
ranging from ‘never’ [0] to ‘3 or more times per week’ [3]). The SQ questionnaire also asked
about the feeling of being refreshed and satisfaction with one’s sleep after waking up (4-point
Likert scale, ranging from ‘very good’ [0] to ‘very bad’ [3]), and symptoms of daytime fatigue
(5-point Likert scale, ranging from ‘never’ [0] to ‘always’ [4]). Furthermore, the number of
nights per week during which participants used sleep medication was assessed (4-point Likert
scale, ranging from ‘never’ [0] to ‘3 or more times per week’ [3]). The SQ questionnaire was
designed to most parsimoniously assess sleep quality in the general population. To this end,
we used items from the German ‘Studie zur Gesundheit Erwachsener in Deutschland’ [DEGS;
10], which included five items partly adapted from the Pittsburgh Sleep Quality Index [PSQI;
11]. Following discussions with experts in the field, we additionally included three items to
assess daytime fatigue and the feeling of being refreshed when waking up as well as
disturbances due to noise (because the ‘lockdown’ was associated with a reduction in traffic
noise). Questions on these factors are also included in established sleep quality questionnaires
such as the Karolinska Sleep Questionnaire [12] and the Sleep Quality Scale [13]. The SQ
index was calculated based on the SQ questionnaire (range 0-25), with higher values indicating
worse sleep quality. To calculate the sleep quality index, sleep duration was transformed
according to the procedure used in the PSQI [11; less than/or 5 hours sleep = 3, less than/or 6
hours = 2, less than/or 7 hours = 1, more than 7 hours = 0]. If necessary, the scaling of questions
was reversed so larger values would indicate decreased sleep quality. Subsequently, the coded
answers of all items except sleep medication (which served as an exclusion criterion) were
added up to a cumulative value (range 0-25).



Social Jetlag.

To calculate social jetlag (SJL), we used equation E1 provided by Wittmann, et al. [14],
where MSF is the mid-sleep point on free days and MSW denotes the mid-sleep point on work
days:

SJL = MSF — MSW (Equation E1)

Prior to the calculation, sleep time entries were screened for implausible values and these were
unified (e.g., 10am became 10pm).
Social Sleep Restriction.

To calculate Social Sleep Restriction (SSR) we used equation E3, where SDg s the sleep
duration on free days and SDw the sleep duration on workdays:

SSR = SDs — SDw (Equation E3)
Work from Home.
To calculate the proportion of Work from Home (WFH) we used equation E4:

time working from home

WFH = ( ) * 100 (Equation E4)

total worktime

Prior to the calculation, we averaged values where participants had indicated a range
(e.g., ‘5-10 h’ became ‘7.5 h’). Furthermore, we screened for implausible entries, where in 28
cases we were certain that participants had swapped the number of hours they worked from
home during the ‘lockdown’ and total work time during the ‘lockdown’. In these cases, the
time spent working from home exceeded the total worktime. These values were then exchanged
to reflect the correct values. If participants reported a total worktime of zero hours before or
during the ‘lockdown’, we replaced the resulting ‘NaNs’ by 0 % work from home.
Chronotype.

Chronotype was assessed from the answers given in relation to TO, that is, before the
‘lockdown’ and calculated according to Wittmann, et al. [14]. To determine chronotype, we
used equation E5 (a or b), where SD is sleep duration, and index ‘f* indicates free and index
‘w’” working days. MSF denotes the mid-sleep point on free days and MSFsc the mid-sleep point
corrected for oversleep on weekends. SDweek IS the average weekly sleep duration:

If SDf < SDw

MSFs. = MSF (Equation E5a)
If SDs > SDw
MSFsc = MSF - (SDs - SDweek)/2 (Equation E5b)

Please note that the ultra-short version of the MCTQ used here [uMCTQ); 3] does not
ask for the use of alarm clocks on free days. While we would like to mention this as a potential
limitation, the authors of the validation study conclude that the uMCTQ represents a good
alternative to the longer standard MCTQ to measure the point of entrainment or chronotype.



Degree of urbanisation/ City size.

City size was assessed in four categories: rural (0; <5.000 inhabitants), small city (1;
5.000-<20.000 inhabitants), medium-sized city (2; 20.000-<100.000 inhabitants), large city (3;
>100.000 inhabitants).

Wellbeing.

For exploratory analyses, we also computed participants’ wellbeing by summing up
results from two items from the life satisfaction scale, i.e. ‘satisfaction with physical health’
and ‘satisfaction with mental wellbeing (e.g., general mood, confidence, even temper)’, which
participants rated on a 7-point Likert scale ranging from ‘not at all satisfied’ (0) to ‘very
satisfied’ (6). Please note that five out of the 435 participants did not complete the questions
on life satisfaction, which were asked at the end of the survey. They were thus excluded from
the analyses.

Background information: sociodemographic data.

We collected data regarding the sociodemographic characteristics of the participants
(i.e., age, gender, country, socioeconomic status). Age was grouped into seven different groups
(ranging from ‘under 18’ [1] to ‘over 65’ [7]).

Background information: measures to contain COVID-19.

We also asked about the different measures that were active while participants answered
the questionnaires, that is, they were presented with a list of 12 measures participants could
choose from. We also asked whether they were currently quarantined and/or suffered from
COVID-19 themselves. Additionally, we were interested in the exact time window, for which
participants had been noticing the measures in their personal lives at the point of answering the
questionnaires.

Background information: occupation and work environment.

Furthermore, we gained insights in the work environment of the participants by asking
about their occupational area as well as position, and if they work in shifts, where working
night shifts served as an exclusion criterion.

Perceived burden.

Participants rated the change in self-perceived burden on a visual analogue scale
ranging from ‘much less than before’ to ‘much more than before’. The variable was centred on
zero with zero indicating no change and a range between -50 and 50.

‘Lockdown -induced changes: Work.

We asked about worktime (in hours), time spent working from home (in hours), and
flexibility regarding working hours (visual analogue scale ranging from 0-100, centred on zero
for our analyses) before the ‘lockdown’ started (T0) and during the ‘lockdown’ (T1).



‘Lockdown -induced changes: Leisure activities.

To analyse how leisure activities decreased during the ‘lockdown’, we asked how many
evenings per week volunteers spent with recreational activities (8-point Likert scale, ranging
from ‘no evening’ [0] to ‘seven evenings a week’ [7]) before the ‘lockdown’ (TO) and during
the ‘lockdown’ (T1). The values were transformed to a percentage of evenings spent with
recreational activities.

‘Lockdown’-induced changes: Engagement in work-related and leisure activities.

The changes in work and leisure activities were expressed as the mean of the
‘lockdown’-induced changes regarding engagement at work and evenings spent with
recreational activities (in percent).

‘Lockdown’-induced changes: Daylight exposure.

The change in time spent under the open sky from TO to T1 was captured with a visual
analogue scale ranging from ‘much less’ (‘0’) to ‘much more’ (‘100”). The variable was centred
on zero with a range between -50 and 50.

‘Lockdown’-induced changes: Exercising.

The change in exercising from TO to T1 was captured with a visual analogue scale
ranging from ‘much less’ (‘0’) to ‘much more’ (‘100”). The variable was centred on zero with
a range between -50 and 50.

Changes in variables.

All difference or change measures, which served as an input to the correlation analyses,
were computed as T1 (‘lockdown’) - TO (pre ‘lockdown’).
Hypotheses.

The following confirmatory hypotheses were tested according to the pre-registration on
Open Science Framework [4]. They concerned four parameters: (1) sleep duration, (2) sleep
quality, (3) social jetlag [SIL; 14]%, and (4) social sleep restriction (SSR). For sleep duration,
we expected a shorter sleep duration before than during the ‘lockdown’. We likewise expected
a lower sleep quality before than during the ‘lockdown’ due to a larger mismatch between
social and biological rhythms. For SJL and SSR, we expected a decrease during the ‘lockdown’
as compared to before the ‘lockdown’. Furthermore, for sleep duration, sleep quality, social
jetlag indices, and ‘social sleep restriction’, we expected effects to be more pronounced:

1 Please note that in an earlier version, we had also planned to include SJL corrected for oversleep on weekends (sleep-corrected
SJL; SJLsc according to Jankowski et al. (2017)) as a second SJL measure with the same hypotheses as for SJL. However,
during the implementation of this measure we noticed that the computation SJLsc is not straightforward as different sleep
patterns have to be taken into account and rules for categorisation may be conflicting. A valid implementation thus seemed
questionable, wherefore we decided to only compute ‘classic’ SJIL and use SSR as a measure of sleep restriction during the
work week.



e The more working hours volunteers spend working from home during the ‘lockdown’
compared to before
e The stronger the decrease in work and social life-related activities and tasks during the
‘lockdown’ compared to before
e The more densely populated the area volunteers live in is
e For later chronotypes (before the ‘lockdown’).
For sleep duration and sleep quality, we expect effects to be more pronounced:
e The larger the increase in time spent under the open sky during the ‘lockdown’ compared
to before
e The larger the increase in physical exercise during the ‘lockdown’ compared to before
e The stronger the decrease in subjectively perceived burden during the ‘lockdown’
compared to before.
Data exclusion.

A total of 78 (from 513) participants were excluded prior to data analyses as they
presented with characteristics, which we assumed to prevent a valid assessment of sleep-wake
patterns. More precisely, we excluded unemployed/retired participants and shift workers who
also work night shifts. Moreover, we excluded those, who reported using sleep medication
>2x/week as well as volunteers suffering from sleep disorders other than insomnia [e.g.,
restless legs, sleep apnoea]. Last, we also excluded volunteers who indicated they had been
noticing the effects of the ‘lockdown’ for less than five days or repeatedly participated in the
study.

Statistical analyses.

All statistical analyses were done in R version 3.6.1 [16]. As all data were non-normally
distributed according to Shapiro-Wilk tests for normality (all p <.001), we exclusively used
non-parametric statistical approaches. All hypotheses detailed in the pre-registration were
tested in a one-sided manner against a critical p-value of p = .05, while exploratory analyses
(which are labelled as such) were tested in a two-sided fashion. Besides uncorrected p-values,
we also report p-values adjusted for multiple comparisons for all confirmatory analyses [17]
using the ‘False Discovery Rate’ (FDR) method [18] as implemented in R’s “p.adjust’ function.
Please note that the interpretation of the results is based on the consistent general pattern of
associations and not single results (or ‘cherry-picking’) as recommended by Wasserstein, et al.
[19], wherefore the interpretation may, in rare occasions, also take into account uncorrected p-
values or ‘trends’. Results with .05 < p <.06 are denoted trends and for analyses with .05 <p
<.1, we report the direction of the correlations to provide a comprehensive picture of the data.



For the analyses of differences between the two time points, that is, before and during
the ‘lockdown’, we used advanced non-parametric analyses of longitudinal data as
implemented in the ‘nparLD’ package for R [20]. The methods used do not require
distributional assumptions and are thus advantageous in this case. We here report the ANOVA-
type statistic (ATS) along with the Relative Treatment Effect (RTE) as measure of the effect
size. For the RTE, the distribution of the two groups is compared on the basis of mean ranks
and can thus be related to each other. More precisely, an RTE of p = 0 indicates that the values
of the first group (here: pre ‘lockdown’) are very certainly higher than those of the second
group (here: during ‘lockdown’). A relative effect of p = 1 would indicate that the values of
the first group are very certainly lower than those of the second group and a p = .5 indicates
that none of the distributions tends to have higher values. We report interpolated medians (of
difference values) calculated from the ‘psych’ package as measures of central tendency [21].
Interpolated medians are especially useful when distributions are skewed as well as for Likert-
scale data or in cases where the total range of answers to a question is relatively narrow.

The interpolated median gives a measure within the upper bound and lower bound of
the median, in the direction that the data is more heavily weighted

For the correlation analyses, we likewise used non-parametrical approaches. More
precisely, we computed Kendall’s tau as a measure for correlations. As this approach is not
free from distributional assumptions, we confirmed the p-values using permutation tests as
implemented in the ‘coin’ package for R [22]. As the permutation tests confirmed the p-values
in all cases, we refrain from reporting these p-values here. Moreover, as effect sizes have an
important informative value here too., we also report Cohen’s d as a measure of effect size for
the correlation analyses. To this end, we have transformed the correlation coefficients
according to the formulae proposed by Walker [23]. Small, medium, and large effect sizes are
denoted by d =0.2., d = 0.5, and d = 0.8, respectively.

Results
Confirmatory analyses.

For an overview of all confirmatory correlation analyses please see Figure S1.
Social jetlag (SJL).

During the ‘lockdown’, SJL was reduced compared to before the ‘lockdown’ (mdn
reduction = 13 minutes, IQR = -31-17 minutes; Fars(1)=124.6, p<.001, pcorr<.001, RTE=.36;
cf. Figure 1A). A decrease in SJL was related to an increase in the amount of work
accomplished from home during the ‘lockdown’ compared to before (p=.006, pcorr=.014, tau=-
.08, d=0.27). Moreover, especially in later chronotypes, SJL was reduced during the
‘lockdown’ compared to before (p=.02, pcorr=.037, tau=-.07, d=0.22). Changes in SJL were



unrelated to changes in work and leisure-related activities (p=.08, pcorr=.095, tau=.05, d=0.15)
and unrelated to the degree of urbanisation as measured by the city size (p=.25, pcorr=.27).
Social sleep restriction (SSR).

The ‘lockdown’ was also associated with a decrease in SSR (mdn = 25 minutes, IQR =
-51-5 minutes; Fars(1)=44.6, p<.001, pcorr<.001, RTE=.41; cf. Figure 1B). A decrease in SSR
from before to during the ‘lockdown’ was associated with a higher proportion of work done
from home (p=.029, pcorr=.047, tau=-.06, d=0.20) as well as less engagement in work and
leisure time activities (p=.032, pcorr=.049, tau=.06, d=0.20). The decrease in SSR was not
significantly stronger for earlier chronotypes (p=.068, pcorr=.084, tau=.05, d=0.16). Changes
in SSR were unrelated to the degree of urbanisation/ city size (p=.30, pcorr=.31).

Sleep duration.

Median sleep duration increased by 13 minutes (IQR = -25-51 min) during the
‘lockdown’ (Fats(1)=26.57, p<.001, pcorr<.001, RTE=.56). Increased sleep duration during the
‘lockdown’ compared to before was associated with an increased proportion of work
accomplished from home (p=.005, pcorr=.014, tau=.09, d=0.29), decreased engagement with
work and leisure-related activities (i.e., working hours and the number of evenings spent with
social activities; p=.005, pcorr=.014, tau=-.09, d=0.28), an increase in time spent under the
open sky (p=.02, pcorr=.037, tau=.07, d=0.23) as well as an increase in exercising (p=.036,
Peorr=.052, tau=.06, d=0.20). Moreover, later chronotypes experienced a stronger increase in
sleep duration (p=.006, pcorr=.014, tau=.09, d=0.28). Furthermore, a major factor that was
associated with less increase or a decrease in sleep duration was an increase in perceived burden
(p<.001, pcorr<.001, tau=-.13, d=0.43). The changes in sleep duration seemed, by trend, to be
more pronounced in more urbanised areas (p=.058, pcorr=.075, tau=.06, d=0.19).

Sleep quality.

Sleep quality slightly decreased during the ‘lockdown’ (Fars(1)=3.76, p=.026,
Peorr=.045, RTE=.53). The difference in median sleep quality was 0.25 points on a scale ranging
from 0-25 (higher values indicate worse sleep quality; IQR = -1.6-2.8). Less decrease or an
increase in sleep quality during the ‘lockdown’ compared to before was associated with an
increased proportion of work accomplished from home (p=.007, pcorr=.015, tau=-.08, d=0.26),
an increase in the time spent under the open sky (p<.001, pcorr<.001, tau=-.13, d=0.42), as well
as an increase in the amount participants exercised (p=.002, pcorr=.007, tau=-.09, d=0.30). As
for sleep duration, the change in sleep quality was heavily dependent on changes in perceived
burden with increased burden being associated with decreased sleep quality (p<.001,
Peorr<.001, tau=.26, d=0.87). Moreover, later chronotypes experienced, by trend less of a
decrease or an increase in sleep quality (p=.05, pcorr=.068, tau=-.06, d=0.18). Changes in sleep



quality were unrelated to the engagement in work and leisure-related activities (p = .24,
Peorr=.27) and to the degree of urbanisation (p = .41, pcorr=.41).

Exploratory analyses.

Daylight and exercising.

The difference (during ‘lockdown’ vs. before) between time spent under the open sky
and exercising is highly correlated (p<.001, tau=.39, d=1.4) suggesting that many people went
outside to exercise. This is not surprising given that during the ‘lockdown’ the weather in
central Europe was extremely dry, sunny, and warm and fitness centres and sports clubs were
closed.

Flexibility and work from home.

A higher proportion of work accomplished from home during the ‘lockdown’ compared
to before was associated with higher flexibility of working hours (p=.007, tau=.09, d=0.28).
Social jetlag (SJL).

Changes in SJL were, by trend, related to changes in workload (i.e., hours per week;
p=.054, tau=.07, d=0.22), where decreased SJL was associated with less working hours.
Changes in SJL were also related to changes in social sleep restriction (SSR; p<.001, tau=.25,
d=0.83). More precisely, decreased SSR was associated with decreased SJL. A decrease in SJL
was also associated with an increase in sleep duration (p<.001, tau=-.12, d=0.37). Moreover,
decreases in SJL were associated with decreased physical and mental wellbeing (p=.038,
tau=.07, d=0.23). This effect may be attributed to the situation during the ‘lockdown’ generally
being detrimental for wellbeing. Perhaps, even the loss of social contact with colleagues at
work is an explanatory factor behind this correlation, which a decrease in SJL cannot outweigh.
Changes in SJL were unrelated to changes in the amount of leisure activities (p=.99) or sleep
quality (p=.43).

Social sleep restriction (SSR).

A decrease in SSR, that is more equal sleep durations on work days and free days, from
before to during the ‘lockdown’ was associated with a decrease in working hours (p=.014,
tau=.09, d=0.28) but not with a decrease in leisure activities (p=.92). Changes in SSR were
unrelated to changes in physical and mental wellbeing (p=.43). Besides, a decrease in SSR was
associated with a less pronounced decrease in sleep quality (p<.001, tau=.12, d=0.37).
Moreover, a decrease in SSR was also associated with an increase in sleep duration (p<.001,
tau=-.21, d=0.68).

Sleep duration.

Sleep duration on work days was longer during the ‘lockdown’ (mdn = 7.5h, IQR = 7-

8.3h) compared to before (mdn = 7.7h, IQR = 6.7-8.3h; mdngit = 18 min; IQRgifr = 10-25 min;



Fats(1)=25.25, p<.001, RTE=.56) while sleep duration on free days was marginally reduced
(mdnpre = 8.3h, IQR = 7.6-9.2h, mdnpost = 8.2h, IQR = 7.8-9.2h; mdngitr = -6 min; 1QRgifr = -33-
19 min; Fars(1)=3.31, p=.069, RTE=.48).

Increased sleep duration during the ‘lockdown’ compared to before was associated with
decreased engagement with work-related activities (p<.001, tau=-.14, d=0.46) but not with a
change in engagement in leisure activities (p=.47). Besides, an increase in sleep duration was
related to an increase in physical/ mental wellbeing (p<.001, tau=.13, d=0.43), an decrease in
subjective burden (p<.001, tau=-.13, d=0.43), and an increase in sleep quality (p<.001, tau=-
.36, d=1.25). An increase in sleep duration was also associated with a decrease in SJL (p<.001,
tau=-.12, d=0.37) and SSR (p<.001, tau=-.21, d=0.68).

Mid-sleep on work days and free days.

Before the ‘lockdown’, mid-sleep on work days occurred at 2:39 am (mdn, IQR = 2:11-
3:34 am), on free days at 4:06 am (mdn, IQR = 3:04-4:18 am). When the restrictions were
effective, mid-sleep on work days occurred at 3:03 am (mdn, IQR = 3:06-3:41 am), on free
days at 3:52 am (mdn, IQR = 3:05-4:27 am). While mid-sleep on work days occurred
significantly later during the ‘lockdown’ than before (F(1) = 90.89, pats <.001, RTE = 59.6%),
there was no change on free days (F(1) = .06).

Sleep quality.

An increase in sleep quality was related to a decrease in working hours (p=.04, tau=.07,
d=0.23), but unrelated to changes in the amount of leisure activities (p=.23). Sleep quality
during the ‘lockdown’ was strongly correlated with subjectively perceived burden during this
time (p<.001, tau=.27, d=0.92), where less perceived burden was associated with a less strong
decrease in sleep quality. Moreover, decreases in sleep quality were associated with decreased
physical and mental wellbeing (p<.001, tau=-.34, d=1.18) and decreased sleep duration
(p<.001, tau=-.36, d=1.25). Besides, the decrease in sleep quality was limited by a decrease
in SSR, that is more equal sleep durations on work days and free days (p<.001, tau=.12,
d=0.37). Changes in sleep quality were unrelated to changes in SJL (p=.43).

Transition to daylight saving time.

On 28 March, Europe switched to daylight saving time (DST). Following the transition
to DST, we had added an additional question to our survey, where participants could indicate
(1) how much they usually suffer from the transition to DST and (ii) how much they currently
suffer on a visual analogue scale ranging from ’not at all* (-50) to ’very much* (50). Sixty-one
percent of the participants (n=265) completed the survey following the transition to DST, 48
participants (11%) completed the survey between 29 and 31 March [three days, which has
previously been suggested to be the time frame during which the majority of people



subjectively adjust; cf. 24]. Generally, participants did not indicate suffering a lot from the
transition to DST. More specifically, the interpolated median for the responses from the 48
participants was -18 (IQR -42.5 — 13). The interpolated median of all 265 participants’
responses (n=265) was -15.3 with an IQR of -43.5 to 12.3. This suggests that neither did the
48 nor the 265 participants suffer a lot from the transition. Additionally, there was no
significant difference between how much volunteers indicated they usually suffered from the
transition and how much they suffered from the spring transition in 2020 (F(1) = 2.6, pats=.11).

Limitations

Although we aimed at recruiting a heterogeneous sample, particularly with the help of
our institutions’ PR departments, the sample is a convenience sample, which limits the
generalisability of the findings. Specifically, as often in such samples [cf. also 25], the majority
of respondents were women, and educational level and socioeconomic status were generally
rather high. Additionally, flexibility regarding working hours had been moderate even before
the ‘lockdown’ and sleep quality was rather good compared to what has been reported in
representative studies [10]. While the latter aspect suggests that the main motivation for study
participation was not respondents’ own troubles with sleeping, there was of course less scope
for a potential ‘lockdown’-induced improvement of sleep quality than in a sample with worse
sleep quality/more sleep problems. Likewise, the effects of increased flexibility of social
schedules (e.g. working hours) were probably less pronounced as flexibility had been moderate
even before the lockdown. Last, the moderate to high socioeconomic status may have
cushioned the increase in subjective burden. In sum, we think the sample characteristics may
have contributed to an underestimation rather than overestimation of the effects in the general
population.

Besides this, while looking back at the development of the situation one could have
expected the ‘lockdown’, we did not do so until a week before the restrictions took effect.
Therefore, in a one-time survey we were only able to assess the participant’s situation before
the lockdown (TO) by retrospective self-report, which may have introduced a recall bias. We
did our best to limit these effects by introducing the questions on sleep quality and chronotype
with the repeated instruction “please relate your answers to the time before COVID-19 caused
changes in your life (i.e., work from home, social distancing)” or “[...] since COVID-19 caused
changes [...]”, where the terms ‘before’ and ‘since’ were even in a different colour than the
rest of the text. Additionally, the time span the questions referred to were rather short, as
recommended by Althubaiti [26]. Although effects of a recall bias cannot be excluded, we
would like to argue that it seems unlikely that such a bias was so systematic that it had a major
effect on the validity of the results in 435 participants.



One further possible limitation is that the study period included the transition to DST,
which took place in Europe on 28 March. In this context, a negative impact of clock change on
sleep quality and sleep timing has previously been reported [27, 28]. However, participants
generally indicated they did not suffer a lot from the transition to DST, neither in the past nor
during the lockdown. This may be explained by a moderate flexibility regarding working hours
even before the lockdown, which may smoothen the transition. Even in a subsample of 48
respondents taking the survey within three days following clock change, participants did not
feel strongly affected by the transition to DST. Therefore, we do not assume that clock change
had a relevant impact on the results. Besides this, clock change took place 7-14 days after the
start of the ‘lockdown’, wherefore we assume that participants were able to separate effects of
the ‘lockdown’ and the transition to DST on sleep timing and quality.

Last, due to the situation and the nature of this study, we were only able to include
subjective self-report data. One may argue that this may have introduced a bias, for example
with regard to perceived sleep duration, which has previously been reported for insomnia
patients [29]. However, such a misperception bias should have been the same for both the time
before the ‘lockdown’ and the time since the restrictions took effect. As statistical analyses
relied on within-subject comparisons, such a bias would not have affected the results.
Additionally, it seems unlikely that a bias, even if different for the two time periods the
questions referred to (i.e., before and during the lockdown) was systematic enough to affect
results in a large sample of 435 participants. Furthermore, also seemingly ‘objective” methods
such as wrist actigraphy do not reliably assess sleep duration in comparison to
polysomnography [30] And the increase in sleep duration is in the range of what has been
reported for consumer devices [31]. Besides this, we would like to argue that established
questionnaires such as the PSQI [11] or the MCTQ [14] have a long tradition of subjectively
assessing sleep-related variables as do sleep quality questionnaires such as the Karolinska
Sleep Questionnaire [12]. It seems important to emphasise though that subjective and objective
measures, especially of sleep quality, should rather be seen as complementing than mirroring
each other.
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